We re-estimate the tensor susceptibility of QCD vacuum, χ, and to this end, we reestimate the leptonic decay constants for transversely polarized ρ-, ρ ′ -and b 1 -mesons. The origin of the susceptibility is analyzed using duality between ρ-and b 1 -channels in a 2-point correlator of tensor currents. We confirm the results of [1] for the 2-point correlator of tensor currents and disagree with [2] on both OPE expansion and the value of QCD vacuum tensor susceptibility. Using our value for the latter we determine new estimations of nucleon tensor charges related to the first moment of the transverse structure function h 1 of a nucleon.
Introduction
In this paper, we continue to investigate the low-energy properties of the lightest transversely polarized mesons with quantum numbers J P C = 1 −− (ρ), 1 +− (b 1 ) in the framework of QCD sum rules (SRs) with nonlocal condensates (NLCs). This work was started in [3] where the "mixed parity" NLC SR for the light-cone distribution functions of both ρ-and b 1 -mesons was constructed. It was concluded that to obtain a reliable result we should reduce model uncertainties due to the nonlocal gluon contribution. Different SRs for each parity could be preferable for this purpose. As a first step, to obtain twist 2 light-cone meson distributions, we concentrate on the meson static properties using the "pure parity" NLC SR for each meson separately: 1) we re-estimate the leptonic decay constants f T m for transversely polarized ρ(770), ρ ′ (1465)-mesons (1 −− ) and the b 1 (1235)-meson (1 +− ) [4] ;
2) we correct the previous consideration by Belyaev and Oganesyan (B&O) [2] and provide a new estimation for the vacuum tensor susceptibility (VTS) introduced in [5, 6] .
The static characteristics, the decay constants f T m and "continuum thresholds" s m (parameters of phenomenological models for spectral densities) of the lightest transversely polarized mesons in the channels with J P C = 1 −− and 1 +− , are tightly connected with the value of VTS. Namely, the difference of the meson properties in these channels fixes the non-zero value of VTS: in a hypothetical Nature, e.g. , where the properties of these mesons are the same, VTS is identically equal to zero. For the reason that these meson constants should appear in VTS in a form of a difference, we have to define them more precisely and in the framework of a unified approach.
The method of NLC SRs was successfully applied for the determination of meson dynamic characteristics (light-cone distribution functions, form factors, see, e.g. , [3, 7] and refs therein). One of its basic components is a non-zero characteristic scale, λ q , of quark-gluon correlations in the QCD vacuum [7] . This parameter fixes the average virtuality of vacuum quarks which flow through vacuum with the momentum k q , k 2 q = λ 2 q ≈ 0.4 − 0.5 GeV 2 [10] , this value is of an order of hadronic scale, m 2 ρ ≈ 0.7 GeV 2 , and is of importance in the calculations 4 . This approach can improve the stability and accuracy of SRs even for the case of decay constant determination where the NLC effect is not smaller than the radiative correction contribution. Therefore, we revise their values in pure parity NLC SRs, despite the presence of different estimations for these quantities in literature [8, 2, 3] .
The source of the above-mentioned difference of meson properties is the peculiarity of fourquark condensate contribution to the "theoretical part" of SRs. This contribution is invariant under the duality 5 transformation in contrast to all other condensate contributions which change the sign under the same transformation. This peculiarity of four-quark condensate contribution will be considered in detail.
The plan of presentation is the following: firstly, we discuss the QCD SR approach to investigation of the 4-rank tensor 2-point correlator for transversely polarized ρ-, ρ ′ -and b 1 -mesons. Then, we define the duality transformation and draw its consequences for the constructed SRs. Finally, we derive a new estimation for the QCD VTS and nucleon tensor charges and discuss what is wrong in the consideration of [2] .
Decay constants of transversely polarized (
We start with a 2-point correlator of tensor currents
(Note here that due to isospin symmetry this is the same correlator which was studied in [2] .) This correlator can be decomposed in invariant form factors Π ± , [1, 8] 
where the projectors P 1,2 are defined by the expressions
which obey the projector-type relations
Then, for the form factors Π ± (q 2 ) it is possible to use dispersion representations of the form
which after the Borel transformation (with Borel parameter M 2 ) become
A phenomenological model for the spectral density ρ phen (s) is usually taken in the form of "lowest resonances + continuum"
where f T m and m m are the decay constants and masses of the lowest meson resonances, m = ρ, ρ ′ , b 1 , contributing to the correlator of interest, and ρ pert ± (s) are the corresponding spectral densities of perturbative contributions to the correlators Π ± (q 2 ). The decay constants are defined via the parameterization of the unit helicity (|λ| = 1) states of ρ-, ρ ′ -and b 1 -mesons
here ε µ (p, λ) is the polarization vector of a meson with momentum p and helicity λ. To construct SRs, one should calculate OPE of the correlators BΠ ± (M 2 )
We perform these calculations in the approach of QCD SRs with NLCs (see [3] ), where the coefficients
The functions
can be considered as accumulating an infinite subset of the standard condensate
-contributions [7] in OPE. All needed NLC expressions are given in Appendix A, while the standard coefficients a ± , b ± , corresponding to the limit λ 2 q /M 2 → 0, are explicitly written below. Their values are in full agreement with the preceding calculations performed in [1] and [8] 
Here µ is the renormalization scale (µ 2 ∼ 1 GeV 2 ) and the coefficients listed in the central parts of the last two lines correspond to the vector qγ m q , quark-gluon-quark qG µν q and the four-quarkvacuum condensate contributions (see details in [7] ). We write down these coefficients explicitly in order to reveal the discrepancy between our results and those obtained by B&O [2] , who found, instead, in the last line
a result larger than ours by a factor of 2.6. We conclude that in [2] there is a wrong contribution due to the quark-gluon-quark vacuum condensate. Collecting all parts (5), (6), (9) together, one obtains the following SRs:
The role of NLC, concentrated in a ± , b ± (M 2 ), is important here, i.e. , at M 2 = 0.6 GeV 2 the total condensate contribution in the SR reduces twice in comparison with the standard (local) one. The processing of these NLC SRs within the validity window M 2 − ≤ M 2 ≤ M 2 + (see details in [9, 3] ) with the standard values of vacuum condensates (see Appendix A) gives 6 :
Very stable curves in wide validity windows have been obtained for all of these quantities. The curve corresponding to f T ρ in M 2 is shown in Fig. 1 (solid line) in comparison with the result of the standard approach without ρ ′ -meson (dashed line). For the first case, the validity window expands in all the region (0.55 − 1.4) GeV 2 while for the latter case it shrinks to the thin region denoted in figure by the arrows M 2 − and M 2 + . We demonstrate on the same figure the curve for f T ρ (short-dashed line) obtained in [8] by Ball and Braun (B&B) in the framework of the standard approach, the same arrows denoting its real "working window". Note here that processing B&B SR just in this thin working window results in a curve very similar in shape to the upper dashed one with the average value f T ρ = 0.175 GeV. So, we can conclude that our improved SRs (14)-(15) are really justified and produce reliable and stable results.
All the results obtained by processing "pure parity" (14, 15) and "mixed parity" NLC SR [3] are collected in Table 1 , in comparison with the previous results in [8, 2] .
It is interesting to note that in spite of the discrepancy in the OPE coefficients, the authors of [2] obtain for f T b 1 a value of 178 ± 10 MeV which is quite close to the value found by B&B [8] : 180 ± 10 MeV. This compensation effect happens due to the fact that both groups of authors used different sets of the condensate input-parameters in the SR and this resulted in approximately the same overall contributions of the quark condensate: B&B had ( 
Duality and its breakdown
Let us consider now an operatorD transforming any rank-4 tensor T µν;αβ to another rank-4 tensor T µν;αβ D = (DT ) µν;αβ with
Our projectors P 
whereas the correlator Π µν;αβ (q) transforms into the correlator of dual tensor currents J µν
There is a good question: how are Π µν;αβ (q) and (DΠ) µν;αβ (q) connected? In perturbative QCD with massless fermions, taking into account the standard anticommutations, one easily arrives at (DΠ)
from which it follows that Π µν;αβ pert (q) is anti-self-dual. The same (anti-dual) character is inherent in the phenomenological models, see Eq. (6) .
The same reasoning is valid almost for all OPE diagrams, those with a gluon condensate, with a vector quark condensate, and with a quark-gluon-quark condensate. Only the diagram with four-quark scalar condensates is different (see Fig. 1 ): in that case there are 2 γ-matrices on one line between two external vertices (1 from the fermion propagator and 1 from the quarkgluon vertex) because the scalar condensate cancels one γ-matrix. Thus, we realize that the OPE contribution involves two parts, one being anti-self-dual (ASD) and the other one self-dual (SD)
The appearance of the SD-diagrams breaks the anti-duality of the two correlators Π(q) and D Π . We can rewrite formulae (22)- (24) to obtain the following representation for the OPE-induced part of correlator:
As a simple consequence of this representation we have a useful relation Π µν;µν
Using relations (23)-(24), one can easily calculate the OPE coefficients for different diagrams. For example, let us consider the qGq -condensate and its contribution to the coefficient b ± . Indeed, we know that this contribution is of the ASD-type, that is
Therefore, for a light-like vector z, one has
This quantity reduces to the linear combination of qGq ) condensate contributions to the correlator for vector currents (see [7, 3] ). In this way, we get the formula
from which we then obtain the fraction 80/81 appearing in Eqs. (12)-(13). If SD µν;αβ (q) = 0, then we would have the same SRs both for ρ-and b 1 -mesons. We process this hypothetical SR and obtain the following values for the low-energy parameters of a hypothetical ρb 1 -meson in Anti-Dual Nature (without α s -corrections in the perturbative contribution):
We see that the mass and the decay constant of the ρ-meson are not so much affected by this (anti-)duality breakdown (10% for the mass, cf. (16)). The case of the b 1 -meson is quite opposite. Here the mass falls down to 50% (the decay constant, to 10%, see (17)). This seems to be quite natural. In the case of the ρ-meson, the deformation of the SR is large (the quark condensate contribution is enhanced by a factor of 3.25), but its functional dependence on the Borel parameter M 2 is almost the same. This is not the case for the b 1 -meson. The deformation of the SR due to the opposite sign of the quark condensate contribution is essential and this results in such a large effect for the mass of the b 1 -meson.
QCD vacuum tensor susceptibility
The QCD vacuum tensor susceptibility χ has been introduced in [5, 6] in order to analyze, in the QCD SR approach, the nucleon tensor charges g u T and g d T .
It is defined through the correlator (1)
He and Ji [5] obtained for Π χ (0) the value
Here we estimate the nonperturbative part of Π χ (0), Π n.p.
χ (0), following the trick suggested in [2, 12] based on the dispersion relation
where ρ phen (s) and ρ pert (s) are the corresponding spectral densities. The models and parameters of these densities are in turn the subject of QCD SR. Substituting the decomposition (2) in (28) and using the relation (26) we arrive at the relation
which clearly demonstrates that Π n.p. χ is formed by the SD part of OPE, i.e. , by the fourquark condensate contribution. Using the phenomenological models for spectral densities ρ ± (s) in (6) and the relation (30), the value of Π χ (0) n.p. can be expressed in terms of mesonic static characteristics,
presented in (16)-(17). So, just this combination accumulates the effect of the four-quark part of the whole condensate contribution. If we return to the example of anti-dual Nature (see the end of the previous section, (27)) where this contribution is absent, we obtain the exact cancellation in (32), i.e. Π χ n.p. (0) = 0. B&O in [2] have used the specific representation that leads to the decomposition
where
. Erroneously suggesting that lim
But we see from our analysis that the value of Π − (q 2 ) − Π + (q 2 ) is identically equal to 0 only in an absolutely self-dual world, which is definitely not realized in QCD
This value is comparable with the value of the B&O estimate (34) for Π n.p.
1 (0) and should be definitely taken into account. Comparing two estimates, our (32) and B&O (34), one sees a rather small deviation from one another. It should not be taken by surprise because radiative corrections significantly reduce the B&O value to Π n.p.
For this reason the actual magnitude of our total correction to this estimate is of an order of 100%.
Finally, let us briefly discuss the effect of our estimate of VTS on the nucleon tensor charges. Here we follow to pioneering paper by He and Ji [6] where these charges were roughly estimated using two types of SRs. Our result (32) The gluonic contribution a ± coincides in this model with the standard expression (11 
